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We, The Phrmdtit Company Limited, a 
British Company, of Permutit House, 
Gunnersbuiy Avenue, London, WA> do hereby 
declare die invention, for which we pray that 
a patent may be granted to us, and the method 
fay which it is to be performed, to be 
particularly described in and by the following 
statement: — 

Electrodialysis is a well-known process 
which comprises deotrolysing a solution of an 
electrolyte between two electrodes separated 
by one or more porous membranes. These 
membranes aMow passage of the ions under 
me force of the applied current but tend to 
prevent the deotrolytic products formed at or 
near the electrodes from mechamoaMy mixing 
with the dectrolyte on the far side of the 
membrane. In this way the electrolytic pro- 
ducts are kept separate to a greater or less 
extent depending on the efficiency of the 
membranes in preventing this mixing of the 
ions. 

In addition ro some mechanical mixing, 
back-migration of the ions composing the elec- 
trode products under the influence of the 
current also occurs. The porous membranes 
do not stop this, but since membranes of 
ion-exchange materials have become available 
it has .been possible to do so substantially 
completely. 'For example, in the electrodi- 
alysis of sodium chloride use may be made of 
a toeH formed into three compartments by two 
ion-exchange membranes, a cation-exchange 
membrane being next to the cathode and an 
anion-exchange membrane being next to the 
anode. Then, after passage of current through 
the cefli, chlorine will: be formed at the anode 
some of it being liberated as a gas and some 
dissolving in the water in the anode compart- 
ment, substantially pure water will be left in 
the centre compartment and substantially pure 
caustic soda wM be formed in die cathode 
compartment. In addition hydrogen liberated 
at the cathode vM be present in the cathode 
artment. If ordinary porous membranes 



were used, the contents of the three com- 
partments would tend to mix and react, and 
pure water would not be obtained. . 

'If the number of membranes is increased, 
cation-e x cha n ge membranes alternating with 
anion-exchange membranes between the two 
electrodes, and each compartment contains a 
solution of electrolyte, a somewhat different 
result is obtained. When a direct current is 
passed between the electrodes cations move 
towards the cathode and will pass through 
cation-exchange material if this is in its way, 
but will not pass through anion-exchange 
material. Similarly anions will move towards 
the anode, passing through anion-exchange 
material but being obstructed by cation- 
exchange material. It wffl be apparent, there- 
fore, that in some compartments there will 
be no movement of ions outwards, whereas 
in others the anions will leave the compart- 
ment in one direction and the cations in the 
other, and wiH enter, from opposite sides, the 
compartments from which there is no outward 
movement Accordingly in the former com- 
partments the solution will become more con- 
centrated while in the latter the solution will 
become diluted. In the end compartments 
containing the electrodes, however, the action 
is similar to that in a three-compartment cell. 
For example, in the electrodialysis of sodium 
chloride, chlorine will be formed in the anode 
compartment and caustic soda and hydrogen 
in the cathode compartment. 

A disadvantage of a multi-compartment 
cell as just described is that if it is to have 
any considerable capacity for treating water 
or other liquid in continuous flow fit must con- 
sist of a large number of very narrow com- 
partments through which liquid must flow in 
parallel streams, and the fintroduction of the 
liquid into and removal of it from these*com- 
partments involves considerable difficulties. In 
addition many separate membranes are re- 
quired. 

According to this invention a cation- 
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exchange membrane and on amon<xchange 
membrane' are wound round a central elec- 
trode and within an outfir dectxode to form 
two ^continuous compartments which alternate 
5 across any radios from the central electrode* 
The compartments are dosed transverse to the 
axis around wifich die membranes are wound. 
Although there are in fact only two compart- 
ments, they' behave in the same way as the 

10 separate compartments of the known multi- 
ccmparmient ceH, dnce she current flows 
along all the radii from one electrode to the 
other and in so doing traverses as many com- 
partments tas there are turns of the pair of 

13 membranes; thtre may be from 2 to 200 or 
more such turns. 

(Each membrane as preferably anchored to 
both electrodes through deotrkal insulation. 
In the simplest arrangement the membranes 

20 are spirally wound, around a cylindrical 
former, which. inay advantageously be die 
central electrode, and Hie within a cylindrical - 
outer electrode, each membrane being joined 
to one electrode at one end and to the other 

25 ut the other end- 

This preferred arrangement is shown in die 
diagrammatic drawing accompanying the pro- 
visional specification, which is a transverse 
section through a cdl The cylmdrical former 

30 which Is also the central electrode is shown at 
1 and tthe cylindrical outer electrode at 2.. 
The two membranes are shown • at 9 and 4 
and the compartments at 5 and 6. Assuming • 
that the electrode 1 5s die anode, the mem- 

35 brane 3, winch is adjacent .to nearly the 
whole ditcurnference to the electrode 1, has. 
anion-exchange properties, and die membrane; 
4, which 5s adjacent to nearly the while inner, 
surface of the electrode 2, has cationrexchange 

40 properties. 

Although it is possible for dectrodialysis to 
be carried oh an batch fashion with static 
liquids in both compartments, fit is much more 
convenient and advantageous to pass the solu- 

45 tion of die electrolyte to be electrodialysed 
contiguously In one of the spiral paths be- 
tween (the two deotrodes, the ©quid in which 
the removed electrolyte is to be collected being . 
passed continuously in the other spiral path. 

50 Alternatively there may be continuous passage 
of liquid tin one path omy. Passages- for the 
introduction and discharge of die liquids must 
therefore be provided. Far tins .purpose two 
ports 7 and 8 communicating with, the com- 

55 partmerrts are made in the outer electrode 2. 
Each of these pores preferably Consists, of a 
series of holes in axial alignment, putting the 
two compartments 5 and 6 in communication 
with pipes 9 and 10. Ports U and 12. are 

50 formed in the inner and hollow, electrode 
communicating wfth two axial spaces 13 . and 
14 into which the electrode is divided by the 
watt 15, winch is axiafiy coextensive with the 
electrode. -Tie membranes are anchored to the 

65 electrode 1 on the .opposite sSdes of the port 



12 by dectrrcaSiy insulating material 16, and 
"anchored to the electrode 2 on the opposite 
sides of the port 8 by dectricaMy insulating 
material 17. Openings are made in one or 
other end of the ceU to connect the spaces 70 
13- and 14 to pipes simitar to die pipes 9 and 
10. 

-fib explain the operation, assume that the 
solution of electrolyte to be ekctrodialysed is 
sea water. Hie water to be desalted is intro- 75 
duced through the space 14 and port 12 into 
the compartment 6 and flows out through die 
port S and pipe 10. Hie Squid in which the 
removed ele ctrolyte is collected, which may 
also be sea water, is introduced into the com- 80 
partment 5 through the pipe 9 and port 7 
and flows out through the port 11 and central 
space 19. In ins initial flow through the com- 
partment 6 the water is separated from the 
electrode 1 by the membrane 3. and part of $5 
the . compartment 5, and in its final flow the 
waiter is separated from the electrode 2 by 
the membrane 4 and compartment 5. Ions are 
driven an both directions through the mem- 
branes from the compartment 6 too the com- 90 
partment 5, and if the compartments are long 
enough and the current large enough sub- 
stantially all the ions in the water. will have 
been driven out of it by the time k reaches 
the port 8" and wQi be found m the water. 95 
passing through the port 11. 

nnhe operation will not proceed exactSy as 
described fif the compartment 6 as in direct 
contact with either electrode as art electrode 
reaction wall then .take place in . the liquid 100 
being purified. It is for this season that the 
compartment 6 is shielded from the cathode 
2 by the dec&ical ansulation 17 and from the 
anode 1 by the electrical insulation 16. 

In the process described, the two flows are- 105 
countercmrent, but they can be concurrent. H 
countercurrent operation is used the highest 
purity water will be obtained; but concurrent 
operation has some advantages since it Is poss- 
ible, by removing part of die insulation 16 110 
at the anode 1, so that k does not wholly 
isolate the anode from the compartment 6, 
to allow gas released at the anode, in this 
case chlorine, to dissolve in the liquid in the 
compartment 6. "The amount of- chlorine pro* 115 
duced at this point can be controlled by vary- 
ing the area of anode exposed. Same of the 
chlorine so formed enters die stream of water 
which is to be purified, and is not (removed 
Py *e action, of die electrolytic ceflL The 120 
overall process thus consists of demtnecal- 
isation coupled with controlled cMorination. 

The turns of die membranes should pre- 
ferably be separated from one. another by 
elexttrioal insulation in contact with both mem- 125 
branes to form the two compartments. The 
electrical insulation may be coated on integral, 
projections on one face .of each membrane the 
projections bearing against the adjacent plane 
face of the next turn of the other membrane. .130 
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Again, corrugated spacing sheets may be put 
on each strie of one membrane before die ceU 
is made, and the four sheets (two membranes 
and two corrugated sheets) are then wound 

5 together. Yet again, the edges of the mem- 
branes may be thickened, cbe liquid serving 
to keep the unth&ckened parts out of contact 
with one another, or narrow and thin bands of 
rubber or a plastic may be interposed between 

10 the edges of membranes of uniform thickness. 
Such thickened parts or narrow bands may 
form seals for the compartments at the two 
end faces of the cell, but since it is also 
necessary id close the ends of the central space 

15 it is preferred to stick a disc on to each face 
as an end cap. 

To ensure equal distribution of flow of 
liquid axiaiiy across each compartment 
through the length of the spiral, when ribs of 

20 corrugated spacers are used they must be 
arranged to form channels, preferably parallel 
along the length of each compartment from 
one end of each compartment to die other. 
Hie channels should then have restrictions 

25 placed at their ends, in order that the pressure 
loss through the channels may be greater than 
that through die entry pipes and ports. 

Instead of using die central former as an 
electrode, a rod within the central space may 

30 serve as the central electrode. 

The membranes need not be wound cylind- 
rfcally. rphey may, for instance, be wound 
polygona&y, pins extending between end caps 
beong used as corner guides. 

35 What we claim is: — 

1. An eiteoaodiaflytic cell made up of a 
cation-exchange membrane and an anion- 
exchange membrane wound round a central 
electrode and within an outer electrode to 

40 form two continuous compartments which 
alternate across any radius from the central 
electrode. 

2. A cell according to Claim 1 in which 
(the membranes are spirally wound round a 

45 central cylindrical electrode within a cylind- 
rical outer electrode. 

3. A cell according to Claim 2 in which 
each membrane as anchored to both electrodes 
through electrical insulation. 

50 4. A ceH according to Claim 3 5n which one 



compartment is shielded from the cathode and 
. die anode by the electrical insulation. 

5. A ceH according to Oaim 4 in which the 
electrical insulation does not wholly isolate die 
anode from the one compartment, so as to 55 
allow gas released at die anode to dissolve in 
the iiqtnd in dm compartment 

$. A ceH according to any of Claims 9 to 
5 in which the inner electrode as hollow and 
divided into (wo axial spaces (respectively 60 
ram miming ring v&h the two compartments by 
ports in die electrode, and p o r ts communicat- 
ing with the compartments ate made in the 
outer electrode, whereby liquids can continu- 
ously flow through both compartments. 65 

7. A ceU according to any of the preceding 
claims in which the turns of the membranes 
are separated from one another by electrical 
i n sula t ion in contact with both membranes, 

<8. A cell according to Claim 7 in which 7fr 
the electrical insulation is coated on integral 
projections on one face of each membrane* 

9. A cell according to Claim 1 sub- 
stantially as described with reference to the. 
accompanying drawing. 7$ 

10. A process of dectrodialysing a solution 
of an electrolyte which comprises passing it 
continuously in a spiral path between two 
electrodes, the path being defined by an anion-, 
exchange membrane and a cation-exchange 80 
membrane, the liquid in which the removed 
electrolyte is collected being passed continu- 
ously in a second spiral path defined by the 
membranes. 

11. A process according to Oaim 10 an 85 
which the solution and the liquid pass be- 
tween the electrodes countercurrent to one 
another. 

12. A process according to Oaim 10 in 
winch the solution is salt water and it and 90? 
the liquid pass between the electrodes con- 
current with one another, the desalted water 
being chlorinated by chlorine produced by an 
electrode reaction at the anode. 

"For the Applicants, 
GULL, JENININGS & EVERY, 
Chartered iPatent Agents, 
51/2 Chancery Lane, 
London, W.C2, 
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95 We, The Peemutit Company Limited, a 
British Company, of Permutit House, 
Gunnersbury Avenue, London, *WA, do hereby 
declare this invention to be described fin the 
following statement: — 

100 Eiectrodialysis is a well-known process 
which comprises electrolysing a solution of an 
electrolyte between two electrodes separated 



by one or more porous membranes. These 
membranes allow passage of the ions under 
the force of the applied current but tend to 105 
prevent the deotrolytSc products formed at or 
near' the electrodes from mechanically mixing 
with the electrolyte on the far side of the 
membrane, In this way die electrolytic pro- 
duots are kept separate to a greater ox less 110 



BEST AVAILABLE COPY 



4' 



759*27* 



extent depending on the effidency of 4a 
'membranes- In preventing this, mixing of the 

ion& • -•• : „ • • ; / 

la addition to some mechanical mixing, 

5- back-migration of . die ions composing the 
edeotrode products raider the umuence of. tme 
current also occurs. JThe porous, membranes 
do not stop tins, but since membranes of ion- 
exchange materials have become available St 

1Q> iias been possible to do so substantially corn^ 
pletdy: For example, in ahe d^ectmHalysisjof 
sodium chloride use may be made of a re& 
formed into-three compartments by. wo ion- 
exchange membranes, a cation-exchange mem- 

13 hrane befing next to the cathode and an anion- 
exchange membrane being next to the anode. 
Then, after passage of current [through the 
ceH, chlorine wHl be formed at the anode, 
some of <he cMorine being Hberated as a gas 

20 and some dissolving in the water in the anode 
compartment, substantially pure water will be 
left in the centre compartment and sub-, 
stantiaily pure caustic sock w$L be. formed in 
the cathode compartment together with hydro- 

25 gen winch is liberated at the . cathode, If 
ordinary porous membranes were used, die 
contents of (the three compartments would 
tend to mix and react, and pure water would 
not be obtained. 

30. If the number of membranes is increased, 
cation-exchange membranes alternating with 
amon-exchange membranes between tthe^ two 
electrodes, and each compartment contains a 
solution of electrolyte, a somewhat different 

35. result is obtained.* When a direct .current is 
passed between die electrodes cations move 
towards die cathode and . will pass through 
caiionHexchange material if rMs is in its way, 
but wifl not pass through aniori-exchange 

40-. material. Similarly anions wSll move towards 
the anode, passing fthtough amon-exchange 
material but being obstructed by cation-ex- 
change matflrifll It w531 be apparent, therefore, 
mat in some compartments there will be no 

45 movement of ions outwards, whereas in others 
the anions wSil leave the campactment in one 
direction and die cations in lire other, and 
wHi enter, from opposite sides, the compart- 
ments from winch there 5s no outward move- 

SO meat. Accordingly in the former compart- 
ments die solution wiH become more con- 
centrated while in die flatter the 'solution will 
become diluted. In die end compartments con- 
taining the electrodes, however, (the action is 

5 J similar to (that In a three-compartment cell 
For example in the electrodialysis of sodium 
cMoride caustic soda, and chlorine will be 
formed. 

A disadvantage of a mum'-compartment 
60 cell as just described is drat if it is to have 
any considerable capacity for treating (water 
or other {liquid in continuous flow St must' 
consist of a large . number of •very narrow 
compartments through which liquid must flow 
65 in parallel streams, and die introduction of 



the liquid into and removal. of it fepm. these 
compartments involves considerable difficul- 
ties. In addition many separate membranes 
arerajuired. 

.According to this invention, two long ion- 70 
exchange membranes, one having cation-ex- 
change and the other amon-exchange proper- 
ties, are wound round a central electrode and . 
within an outer electrode to form two con-, 
tinuous compartments winch alternate across 73 
any radius from the central electrode. .One 
of these compartments leads (to the central 
electrode and die other to die outer electrode. 
The compartments are closed transverse to 
die- axis around which the membranes are 80 
wound. (Although there are in fact only two 
compartments, they behave in the same way 
as the separate- compartments of die larown* 
miiM-compaxtment cell, since die current 
flows along all the iradii from one deotrode to 85 
the. other and in so doing traverses as many 
compartments as there are turns . of die pair 
of membranes; there may be from 2 to 200 
such turns. 

In the simplest arrangement die membranes 90 
are spirally wound' around a cylindrical 
former, winch may. advantageously be the 
central electrode, and lie within a cylindrical 
outer electrode. Each membrane is joined to 
one electrode at one end and to the other at 95 
the other end. 

Th5s preferred arrangement is shown 5n the 
accompanying drawing; which is a transverse 
section- through the celL The cylindrical 
former and central electrode is shown at 1 100 
and die cylindrical outer electrode at 2. The 
two membranes are shown at 3 and 4 and 
the compartments at 5 and 6. Assuming that 
die electrode 1 is die anode, the membrane 3, 
winch is adjacent to nearly the whole circum- 105 
ference of die deotrode 1, has anion-exchange 
properties, and the membrane 4, which is 
adjacent to nearly the whole inner surface of 
die electrode 2, has cation-exchange proper- 
ties. . " HO 

Although it is possible for electrodialysis 
to be carried on in batch fashion with' static 
liquids in both compartments, St is much more 
convenient and advantageous to cause liquid 
to flow continuously through both compart- 115 
ments, .or at least (through one of them. 'Pass- 
ages for (the introduction and discharge of the 
liquids must therefore be provided. For tins 
purpose two ports 7 and 8 are made in die 
cyhndrical waM> of the electrode 2, each of no 
these ports preferably consisting of a series of 
holes in axial alignment, putting die two 
compartments 5 and 6 in communication with- 
pipes 9 and HO. Ports 11 and 12 are made 
in the cylindrical wall of the electrode 1, the 125 
port 11 putting the compartment 5 in com- 
munication with the central space 13 within 
die deotrode 1, and the port 12 putting the 
compartment 6 in. communication, with a 
space 14 lying inside the electrode 1 but 130 
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separated from the space 13 by a wa& 15 
which is axiafly co-extendve with die dec- 
erode. Hie membranes axe joined to and 
electrically insulated from the electrode 1 on 

5 the opposite sides of (the port 12, and joined 
to and electrically tivnrtflfgri from the electrode 
2 on the opposite sides of the port S, as 
shown in the drawing. Openings are made 
In one or other end of che cefl? to connect (he 

10 spaces 13 and 14 to pipes similar to the pipes 
9 and 10. 

To explain the operation, assume that sea 
water is to be purified. The water is intro- 
duced through the space 14 and port 12 into 

15 the compartment 6 and flows out through che 
pott 8 and pipe 10. (Further water, which may 
be the same as (that to be purified, is intro- 
duced into the compartment 5 through the 
pipe 9 and port 7 and flows out through the 

20 port 11 and central space 13. In its initial 
flow through die compartment 6 the water is 
separated from the electrode by die mem- 
hrane 3 and part of the compartment 5, and 
in its finail flow die water is separated from 

25 the electrode 2 by the membrane 4 and com- 
partment 5. Ions are driven in both directions 
through die membranes from the compartment 
5 into the compartment 6, and if the com- 
partments ore Jong enough and the current 

30 large enough substantially ail die ions in the 
water will have been driven out of it by the 
time it reaches the port 8 and will be found 
in the water passing through die port 11. 
~ The operation wHl not proceed exactly as 

35 described if the compartment 6 is bounded by 
any part of either electrode due to an elec- 
trode reaction taking place in die fiiquid being 
purified. It is therefore preferred to render 
insulating instead of conducting those parts 

40 of both the cylinders 1 and 2 which bound 
die compartment 6, so that (these parts cease 
to act as parts of die electrodes. The in- 
sulation on the cylinder 1 is shown at 16 and 
that on the cylinder 2 at 17. 

45 In the example given, die two flows are 
countercurieot, but they can be concurrent. 
If counterourrent operation is used die highest 
puritywater wfll be obtained, but concurrent 
operation has some advantages since it is poss- 

50 ible, by removing part of die insulation V6 
at die anode 1, to introduce a controlled 
amount of chlorine production at this point 
The chlorine so formed enters die stream of 



waiter which is to be purified, and is not 
removed by the action of the deotroiydc cefl. 55 
Hie overall process thus consists of demineral- 
Isation coupled with controlled cMorination. 

The membranes should be positively spaced 
apart from one another to form the two com- 
partments. Each may be made with ribs on 60 
one face for this purpose, the ribs bearing 
against die adjacent plain face of the next 
turn of the other membrane and preferably 
being coated with deatricaf insulation to pre- 
vent short-circuiting. Again, corrugated spac- 65 
ing sheets may be put on each side of one 
membrane before the ceil is made, and the 
four sheets (two membranes and two cor- 
rugated sheets) are then wound together. Yet 
again, the edges of the membranes may be 70 
thickened, die liquid serving to keep the un- 
tiuefcened parts out of contact with on another, 
or narrow and thin bands of rubber or a 
plastic may be interposed between the edges 
of membranes of uniform thickness. Such 75 
thickened parts or narrow bands may form 
seals for die compartments at die two end 
faces of the ceH, but since it Is also necessary 
to dose the ends of the central space it is 
preferred to stick a disc on to each face as 80 
an end cap. 

To ensure equal distribution of flow of 
liquid axiaily across each compartment 
through die length of die spiral when ribs or 
corrugated spacers are used, it is preferred 85 
to arrange them to form parallel channels 
along the length of each compartment. The 
parallel channels should then have restrictions 
placed at their ends, as described in our 
Application No. 23,131/53, in order that die 90 
pressure loss through die channels may be 
greater then that through ithe entry pipes and 



Instead of using the central former as an 
electrode, a rod within the central space may 95 
serve as the central electrode. 

The membranes need not be spirally 
wound. They may, for instance, be wound as 
polygons, pins extending between end caps 
being used as comer guides. 100 

(For the Applicants, 
GIUL> JENNINGS & EVERY, 
Chartered Patent 'Agents, 
51/52, Chancery Lane, 
Ijondoni W.C2. 
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COMPLETE SPECIFICATION 
This drawing Is a reproduction of 
the Original on a reduced scale 
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